Background: Cervical cancer (CC) incidence in Estonia is the third highest in Europe, even though an organised nation-wide screening program has been in place since 2006. The aim of the study was to analyse the incidence and survival of CC in Estonia, focusing on age, morphology and stage at diagnosis. Methods: Data from Estonian Cancer Registry were used to analyse age-standardized (world) and age-specific incidence for 1968-2014 rates. Joinpoint regression was used to estimate the annual percentage change (APC) for incidence trends. Age-period-cohort model was used to summarise time trends in terms of cohort and period effects. Relative survival ratios (RSR) were calculated for cases diagnosed in 1995-2014. Union for International Cancer Control version 7 of the TNM classification for malignant tumours was used to categorise stage. Results: The age-standardized incidence of CC increased since 1980s at a rate of 0.8% per year. A significant increase was seen for all age groups except for 70+. The incidence of squamous cell carcinoma mimicked the overall trend, while adenocarcinoma showed increase since mid-1990s (APC 6.7). Age-period-cohort modelling showed strong cohort effects with the lowest risk for birth-cohorts born around 1940 and significantly increasing risks for successive cohorts born thereafter. No period effects were seen. The proportion of stage IV cases increased from 13% in 2005-2009 to 18% in 2010-2014. A significant increase was seen in the overall 5-year RSR from 19955-year RSR from to 19995-year RSR from to 20105-year RSR from -2014. In 2010-2014, the 5-year RSRs ranged from 89% in women aged 15-39 to 41% in age group 70+. For stages I to IV, the respective RSRs were 98, 74, 57 and 22%. Conclusions: The inadequate uptake and insufficient quality of the Pap-smear based screening program has not brought along a decline in the incidence of CC in Estonia. Stage distribution has shifted towards later stages. New approaches are needed to prevent CC in Estonia.
Background
Cervical cancer (CC) is the second most common gynaecological cancer in Estonia [1] . In 2014, 177 new cases were diagnosed. According to Volume XI of Cancer Incidence in Five Continents, Estonia had the third highest incidence of CC among European countries in 2008-2012: the age-standardized (world) incidence rate in Estonia was 18 per 100,000, which was comparable to many developing countries [2] . The age-standardized mortality in 2013 (4.3 per 100,000) ranked ninth in Europe [3] . From EUROCARE-3 (1990 EUROCARE-3 ( -1994 to EUROCARE-5 (2000 EUROCARE-5 ( -2007 , the European average 5-year relative survival estimates for CC did not change (62% for both periods) and neither did the highest observed estimates (around 70%). The relative survival rate for Estonian CC patients, however, increased from 53 to 64% [4, 5] .
CC is a highly preventable cancer. The role of Human papilloma virus (HPV) as its main risk factor is well-established [6] and the natural development of CC from premalignant lesions to invasive cancer can be detected and treated [7] . A decline in the incidence and mortality of CC has been seen in many developed countries [8] [9] [10] , mainly in accordance with effective population-based screening programs that have resulted in decreasing incidence and mortality rates and a shift towards diagnosis at earlier stages [11, 12] . In Estonia, however, increasing incidence and stable mortality have been demonstrated in previous studies [9, 10] , despite the nation-wide organized screening program in place since 2006 .
The aim of the study was to analyse the incidence and relative survival of CC in Estonia, with particular focus on age, birth-cohorts, morphology and tumour stage.
Methods
For this register-based study, data on incident cases of invasive CC (ICD-O-3 codes C53.0; C53.1; C53.8; C53.9) were obtained from the Estonian Cancer Registry (ECR), a population-based registry that covers the whole country with a population of 1.32 million in 2014 and has data since 1968. Population denominator data were obtained from Statistics Estonia. Age-standardized (world standard population [2] ) and age-specific incidence trends were analysed for 1968-2014. Age-standardised incidence was also analysed by morphological subtypes, classified based on ICD-O-3: squamous cell carcinoma (SCC), adenocarcinoma (AC), not otherwise specified (NOS), and other. Joinpoint analysis with Joinpoint Regression Program (version 4.1.1.1) from the Surveillance Research Program of the US National Cancer Institute (http:// surveillance.cancer.gov/ joinpoint/) was used to model the rates and calculate the estimated annual percent change (APC) with 95% confidence intervals (95% CI). In addition, we analysed CC incidence trends with age-period-cohort analysis as shown by Carstensen [13] . In order to avoid age-period-cohort identification problem, arbitrary constraints were added to the model. We chose 1935-1939 as the reference cohort. To evaluate the goodness of fit between models with different parametrization, we used Akaike Information Criterion [14] . The age-function is shown as age-specific rates in the reference cohort adjusted for the period effect. The cohort function is expressed as a rate ratio relative to the reference cohort and the period function as a rate ratio relative to the age-cohort prediction [13] .
For the age-period-cohort analysis, incidence cases were aggregated into 5-year period and age groups. Due to small numbers the cases younger than 30 years and older than 79 years were excluded. Thus, the analysis included 10 age groups (30-34…75-79), 9 periods (1970-1974…2010-2014) and 27 birth-cohorts (1895-1899… 1980-1984) . For calculations we used Epi package's apc.-fit function in R software (http://www.R-project.org).
For survival analysis, we used data on all adult (≥15 years) cases of invasive CC diagnosed in Estonia during 1995-2014, regardless of cancer sequence. The patients were followed up for vital status until December 31, 2014 via linkage with the Estonian Population Registry; in case of death or emigration, the respective date was ascertained. The linkage was done using unique personal identification numbers. Death certificate only (DCO) cases and those diagnosed at autopsy were excluded from survival analyses. Relative survival ratios (RSR) were calculated as the ratio of the observed survival of CC patients to the expected survival of the underlying general population. The latter estimate was calculated according to the Ederer II method [15] using national life tables for female population stratified by the single year of age and calendar year. Cohort analysis was used to estimate one-year and five-year RSRs for patients diagnosed during 1995-1999, 2000-2004, and 2005-2009 . Period analysis was used for the latest period 2010-2014. The International Cancer Survival Standards were used for age-standardizing overall RSRs [16] . All calculations were conducted with STATA 14.1 (StataCorp LP, College Stations TX USA); survival analysis was performed using the strs module.
The study protocol was approved by the Tallinn Medical Research Ethics Committee.
Results
The age-standardized incidence of CC in Estonia declined from 1968 to 1980 (APC 3.1) and started to increase thereafter at a rate of 0.8% per year (Fig. 1 ). In the two youngest age-groups (15-29 and 30-39), a continuous and significant increase was seen over the entire study period, while in all age groups between 40 and 69 years, a significant decline was seen until 1980s or 1990s, followed by a significant increase. For women aged 70 years and older, the incidence decreased over the entire study period at a rate of 0.8% per year.
The age-period-cohort analysis showed decreasing incidence rate ratios for women born between 1920 and 1940 and constantly increasing risk for women born after 1940s (Fig. 2) . No period effects were seen in CC incidence. The peak incidence occurred in ages 50-60 years and then slowly declined with age.
The incidence trend of SCC, the main histological subtype of CC, mimicked the overall trend and increased at a rate of 0.6% per year starting from 1979 ( Fig. 1) . In AC incidence, a significant increase of 6.7% per year was seen over the past twenty years. After the exclusion of 21 DCO cases and 13 autopsy cases, 3403 cases were available for survival analysis ( Table 1 ). The overall percentage of microscopically verified cases was 98% and this quality indicator remained stable over the study period. Overall, women were most frequently diagnosed at the age of 40-49 years, followed by age group 50-59 years. The proportion of AC increased, and the proportion of SCC decreased. Overall, TNM stage distribution shifted significantly towards later stage at diagnosis from 2005 to 2009 to 2010-2014, as the proportion of stage I cases decreased from 40 to 35% (p = 0.0096) and the proportion of stage IV cases increased from 13 to 18% (p = 0.0019). The proportion of stage I cases was 59% in age-group 15-29, 67% in age-group 30-39, and decreased with age in older age groups (15% in age group 70+) (Fig. 3) . The proportion of cases diagnosed in stage I decreased in nearly all age groups.
The age-standardised 5-year relative survival increased significantly from 58% in 1995-1999 to 66% in 2010-2014 (Table 2 ). An increase was seen in all age-groups except the oldest, and the change was significant for women aged 30-39 and 40-49 years. The latest 5-year RSRs ranged from 89% in women aged 15-39 to 41% in age group 70+. The difference between the 5-year RSR for SCC and AC increased slightly, as a significant rise of 10 percentage units was seen for SCC. A small increase in the 5-year RSRs was observed for stages I-III from 2005 to 2009 to 2010-2014.
Discussion
The study showed a steady long-term increase in the age-standardized incidence of CC in Estonia, starting from early 1980s. The overall incidence rates reflected the increasing risk in successive birth-cohorts born after 1940s, with no period effects to counteract them. The improvement of relative survival was more pronounced in younger women. A nation-wide organized CC screening program was started in Estonia in 2006. Screening is provided to women aged 30 to 55 years with valid health insurance. A conventional Pap-smear is taken every 5 years after a negative screening result. The attendance rate of screening program has remained as low as 35% of the target population, while an estimated 80% of women have done Pap-smears outside of the screening program [8, 17] .
After a considerable decline in the beginning of the study period, the age-standardized incidence has been steadily increasing in Estonia since early 1980s. Similar trends have been observed in other Eastern European countries [18] . In our study, the age-specific incidence rates increased in all age-groups except in women aged 70 + years. This finding is consistent with the decreasing risk among women born between the two World Wars and the increasing risk in successive birth-cohorts born after the 1940s, also seen in other European countries [9] . However, in the Nordic countries and other high-income countries in Europe, screening has intervened with this risk increase, resulting in a definite decline in CC incidence shortly after the introduction of screening [9] . In Canada, the incidence peaks in birth-cohorts born in 1950 and later were two times lower than in those born before 1920 and it was explained by the high screening participation rate (up to 80%) [19] .
An Italian study analysed the results of a newly established organised population-based screening program and showed an increase in early CC incidence right after the start of the program and subsequently, a 25% decrease in age-standardized CC incidence 8 years later [11] . In Bulgaria the opportunistic screening has resulted in plateauing of CC incidence rates [20] . No period-specific screening effects were apparent in other Eastern-European countries [9] . Our results suggest non-effective screening activities in Estonia even though program-based screening is ongoing and opportunistic screening is widely performed. In Eastern European countries, the changes in the health care system after regaining independence and the lack of resources for prevention and healthcare have been suggested as possible causes for the current epidemiological situation with CC [21] . Lower mean income, distance from the nearest well-equipped hospital and the level of education have been established as adverse factors for invasive CC on a more personal level [22, 23] . Our data showed increasing incidence among very young women aged 15-29 who are not targeted by screening in Estonia or elsewhere. It has been found that screening does not have a protective role against CC mortality in that age group [24] . Therefore, more attention should be paid to the prevention of CC among very young women. Vaccination against HPV common cancerous subtypes is highly effective in preventing CC [25] . From 2018, HPV vaccination for girls aged 12-14 was added to the national immunization program in Estonia.
Age-specific analyses showed a peak incidence rate around the age of 55 and declining rates in older age groups. A Nordic study demonstrated that the decline in the incidence of elderly women and the peak incidence at the age of 50 could be the result of an unscreened population [26] . This is caused by the natural history of CC that reaches clinically detectable and invasive features by the age of 45-60 years [27] . In Canada, the long lasting widespread screening resulted in a decline in the incidence and mortality in all age-groups from 1970s to early 2000s, but the largest changes were seen in ages 45 years and older, with reductions as high as 74% in mortality and 69% in incidence [19] .
Besides the incidence increase of SCC subtype that mimicked the overall trend, a rapid rise in the incidence of AC subtype was observed from mid-1990s. Such trend was expected based on the results of previous population-based studies [28, 29] , as cytology screening is often inefficient in preventing AC. However, it has been shown that screening helps to detect AC at an earlier stage [30] . Premalignant lesions of SCC subtype are clinically more detectable and therefore, the incidence of invasive SCC of the cervix has declined in many countries [31, 32] .
We observed an overall decrease in the proportion of stage I cancers and an increase in the proportion of stage IV cancers, which was not expected based on data from previous studies [11, 20] . Data on TNM stage was not available for the pre-screening period. In Bulgaria, the most common stage at diagnosis of CC changed from stage II to stage I; stage I accounted for 35% and stage IV only for 4.5% of new diagnoses over the period [33] . The observed stage shift in Estonia may be partly explained by the increasing availability of better diagnostics resulting in more accurate staging. Nevertheless, the latest stage distribution is clearly unfavourable. Low participation in screening, the absence of a screening registry and no regular quality assurance within the organised cervical cancer screening programme until 2015 are the most likely reasons for the observed stage distribution. The overall 5-year relative survival of CC in Estonia improved over the study period and reached 66% in 2010-2014. Data from the Nordic countries for the same period showed the highest 5-year RSR of 72% in Norway [34] . In the Nordic countries, women aged below 50 years had the 5-year RSRs as high as 86-92% (84% in Estonia, data not shown) [34] . Large survival deficit for Estonian patients was seen in age-group 50-59 years (61% in Estonia, 68-75% in the Nordic countries) [34] . The proportion of stage I among this age-group in Estonia was only 31% in the latest period, even though these women should have been screened at least once prior to the diagnosis. This might explain the observed lower survival. For older age-groups, the Estonian estimates were similar to the Nordic data [34] and comparable to other population-based studies [28, 35] . A large age gap of 48 percentage units was seen in 5-year relative survival. A similar gradient was seen in EUROCARE-5 analysis [5] . It has been recognized that older age is associated with more advanced stages [35, 36] , also confirmed by our data. In this age group, treatment choices are limited and should be more individualized due to intolerable toxicities and comorbidities. A Japanese study concluded that comorbidities and older age are not as strong predictive survival factors as the missing screening test during earlier life that would have been helped to detect premalignant lesions or cancer at earlier stage [37] .
Besides screening as the cornerstone of survival improvement, advanced surgical techniques, modern radiotherapy and the availability of chemotherapy have the potential for improving survival for more advanced stages. The relative survival of CC patients in Estonia is similar to survival in countries with high quality cancer care. By stage, the Estonian survival estimates were quite comparable with Norwegian [33] or Irish data [38] . It should be taken into account, however, that in countries with effective screening programs, the cases that have developed into invasive CC may be more aggressive and therefore have a poorer prognosis.
The main strength of the study was the use of data from a population-based cancer registry that covers the whole country, and the availability of TNM stage and morphology data. The study has several limitations. Possible misclassification of CC cases as "unspecified" should be considered. However, the average annual number of incident cancer cases coded as "Uterus, NOS" (ICD-O-3 C55.9) or "Female genital tract, NOS" (C57.9) in the ECR was only two over the study period. The ECR does not have information whether a case was screen-detected or not. Estonian screening registry started work only in 2015 and therefore no linkage was possible to obtain additional information for the study period. Also, the quality management of screening program and the quality of screening tests were not evaluated at the time. The socioeconomic status of women, as well as individual participation in screening or visits to a gynaecologist, were unknown.
Conclusions
The study showed several differences in the incidence and survival for CC in Estonia in comparison with other European countries with well-established screening programs. Similarities could be seen with Eastern European countries, suggesting the ineffectiveness of PAP-smear based screening in the region.
The study showed increasing CC incidence in all age-groups except the oldest. These trends were consistent with the increasing risk in successive birth-cohorts born after 1940s. Unfortunately, no period effects were apparent to suggest the effect of opportunistic or organised nation-wide screening. Screening reduces the burden of CC by two mechanisms -reducing incidence through detection and treatment of premalignant lesions and detecting malignant tumours at an earlier stage while still susceptible to curative treatment, − neither of which has been effective in Estonia. Both overall and stage-specific survival of CC in Estonia has improved and is comparable to other European countries.
A stronger input from the government to establish an effective screening program is urgently needed. Both the organisation of screening to augment the continuous monitoring and the quality control of screening activities need to be improved. Women without health insurance as the highest risk group for CC, should be included in the national screening program. The effect of screening should be further studied by taking into account the personal history of Pap-smears and participation in organised screening. The vaccination of girls has just started in 2018, but a change from cytology based to HPV-based cervical screening should be strongly considered.
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